Introduction
============

The use of novel oral anticoagulants (NOACs) for stroke and systemic embolism prevention in the setting of specifically non valvular atrial fibrillation (NVAF) has provided clinicians with a realistic treatment alternative to the traditional dose-adjusted, warfarin-based anticoagulation that is targeted to a therapeutic international normalized ratio (INR) range of 2.0--3.0. The focus of this review will be to evaluate published data on the clinical efficacy of dabigatran etexilate in preventing stroke and systemic embolism in patients with NVAF. We will discuss the use of dabigatran in the setting of mechanical heart valves, atrial fibrillation (AF) or left atrial catheter ablation procedures, reversal of the drug in the setting of adverse bleeding events, and background on the molecular biology and development of this novel treatment for stroke reduction.

Mechanism of action
===================

Intravenous direct thrombin inhibitors (DTI) were first approved in 1998, with lepirudin being approved for patients with clinically relevant heparin-induced thrombocytopenia. The development of an oral DTI was technically difficult, as DTI are highly polar and lipophilic in nature.[@b1-vhrm-9-341] The oral form needs to be a fat-soluble prodrug that is transferred back into the active drug after absorption. Ximelagatran was the first oral DTI with proven efficacy compared to warfarin, but this compound was withdrawn by the company in 2006 due to an increased risk of liver toxicity.[@b2-vhrm-9-341],[@b3-vhrm-9-341] Dabigatran etexilate is a synthetic, small-molecule prodrug of the DTI dabigatran. Dabigatran is a univalent DTI that blocks the active catalytic site of thrombin in a competitive and reversible manner. The bivalent DTIs, such as bivalirudin, additionally block exosite 1, the docking site for fibrin, in addition to the active site.[@b4-vhrm-9-341]

Dabigatran blocks the terminal coagulation cascade by binding to the active site of thrombin (factor IIa) in a dose and concentration-dependent fashion ([Figure 1](#f1-vhrm-9-341){ref-type="fig"}). Thrombin plays a central role in blood coagulation by converting fibrinogen into a network of fibrin, amplifying its own generation by feedback activation of factors V, VIII, and XI, and by stimulating platelets.[@b5-vhrm-9-341],[@b6-vhrm-9-341] Thrombin also activates factor XIII, which favors the formation of cross-linked bonds among the fibrin molecules, stabilizing the clot. In contrast to the indirect thrombin inhibitors such as heparin and low molecular weight heparin, dabigatran is not dependent on antithrombin III activity. As a result, dabigatran is able to inhibit not only free thrombin, but also clot-bound thrombin, and in theory could be a more effective anticoagulant for active thrombus.[@b7-vhrm-9-341],[@b8-vhrm-9-341] Dabigatran directly inhibits coagulase, unlike heparin and hirudin, and thus prevents fibrin formation and may increase the sensitivity of *S. aureus* to antibiotics.[@b9-vhrm-9-341] Furthermore, by reducing the activation of platelets, dabigatran has an antiplatelet effect.[@b10-vhrm-9-341]

Metabolism
==========

In order to optimize absorption in the gastrointestinal tract, dabigatran capsules contain a tartaric acid core that produces a local acidic environment. The tartaric acid is thought to cause the dyspepsia side effects, which occur in approximately 10% of patients.[@b11-vhrm-9-341] Dabigatran can be taken with food to decrease dyspepsia, but caution is advised given the limited postmarket experience with dabigatran.[@b12-vhrm-9-341] After absorption, dabigatran etexilate is rapidly absorbed and hydrolyzed by serum esterases into its active moiety, dabigatran. The bioavailability is approximately 7%, requiring relatively high dosages for adequate serum levels. Serum concentrations remain relatively static under fast or fed conditions.[@b13-vhrm-9-341] Within 2 hours of oral administration, the drug has reached maximal anticoagulant effect, limiting the need for bridging anticoagulation. In postoperative patients, serum levels fattened with delayed peak concentrations (median 6 hours), suggesting a slower rate of absorption in the early postoperative period.[@b14-vhrm-9-341] Approximately 20% is conjugated with glucuronic acid to form a pharmacologically active conjugate; 80% is excreted by the kidneys unchanged.[@b15-vhrm-9-341] In patients with normal renal function, the mean terminal half-life of dabigatran is approximately 8 hours after a single dose and up to 14 hours after multiple doses enabling twice daily (BID) dosing.[@b13-vhrm-9-341],[@b16-vhrm-9-341] In patients taking 150 mg BID, the peak and trough plasma concentrations are 180 mg/mL and 90 ng/mL, respectively.[@b16-vhrm-9-341] With creatine clearance (CrCl) of 30 mL/minute, the terminal half-life doubles to over 24 hours.[@b17-vhrm-9-341]

Drug interactions: contraindications and interactions
=====================================================

Major contraindications to dabigatran use include renal impairment (CrCl \<15 mL/minute), advanced liver disease (impaired baseline clotting function), a prosthetic heart valve, or hemodynamically significant heart valve disease.[@b18-vhrm-9-341] Careful consideration should be made in the setting of medications affecting the permeability (P)-glycoprotein pump, gastrointestinal (GI) acidity, and concomitant antiplatelet medications. Fortunately, dabigatran is not metabolized by cytochrome P450 (CYP) and does not affect CYP activity.[@b19-vhrm-9-341]

Renal and liver dysfunction
===========================

In patients with normal renal function, the standard dosing of dabigatran etexilate is 150 mg BID for patients with NVAF. In patients with a CrCl of 15--30 mL/minute, a dose reduction to 75 mg BID dosing is available; note the 75 mg BID dosing is based on in vitro pharmacokinetics of the drug, and has not been formally studied in human clinical trials. Dabigatran should not be used in patients with a CrCl \<15 mL/minute or in those who are hemodialysis-dependent. Drug labeling recommends that renal function should be assessed before starting dabigatran at least annually in patients \>75 years of age or in those with a CrCl \<50 mL/minute. In patients with mild to moderate hepatic impairment, there was a slight reduction in bioconversion of the prodrug; however, the total anticoagulant effect was comparable and no dose adjustment is needed for moderate hepatic impairment.[@b20-vhrm-9-341]

P-glycoprotein pump
===================

The prodrug dabigatran etexilate (but not the active drug dabigatran) is a substrate of the efflux permeability glycoprotein transporter (p-Glycoprotein pump) which is highly expressed in the intestines; thus, any potential effects are restricted to drug absorption, particularly if taken shortly before dabigatran etexilate oral administration.[@b16-vhrm-9-341] P-glycoprotein functions to pump dabigatran molecules back into the GI tract, such that the inhibitors quinidine, amiodarone, and verapamil, increase plasma concentrations of dabigatran. Coadministration with some inhibitors, such as systemic ketoconazole and dronedarone, approximately doubles dabigatran levels; it is recommended that a dose reduction be made in dabigatran to 75 mg BID for patients with moderate renal impairment (CrCl 30--50 mL/minute) who are also prescribed these medications.[@b21-vhrm-9-341] The only drug that is specifically noted in the dabigatran US package insert (USPI) as contraindicated is the P-glycoprotein inducer rifampin, which reduces plasma concentrations by 66%.[@b21-vhrm-9-341]

Proton pump inhibitors and antiplatelet agents
==============================================

Oral absorption of dabigatran etexilate is increased in a locally acidic environment. Coadministration of dabigatran with proton pump inhibitors decreases the plasma levels of dabigatran by approximately 25%.[@b13-vhrm-9-341] The clinical implications of this (in terms of stroke reduction and bleeding risk) were not demonstrated in the RE-LY (Randomized Evaluation of Long-Term Anticoagulation Therapy) trial.[@b25-vhrm-9-341] Coadministration of dabigatran etexilate with antiplatelet agents should be approached with caution because of an increased risk of bleeding. In the RE-LY study, coadministration of aspirin or clopidogrel increased risk of major bleeding by about twofold. See [Figure 2](#f2-vhrm-9-341){ref-type="fig"} for a complete summary of food and drug interaction.

Monitoring
==========

The pharmacokinetic profile of dabigatran etexilate is predictable with low inter and intra individual variability, which permits renal-based dosing without the need for routine monitoring.[@b15-vhrm-9-341],[@b22-vhrm-9-341] Numerous tests are available to determine if a patient is taking dabigatran, but available tests to help guide dosing are lacking. Although dabigatran increases the prothrombin time (PT) and INR in a concentration-dependent fashion, the response is unpredictable and should not be used as a measure of anticoagulation. The activated partial thromboplastin time (aPTT), which targets the intrinsic pathway of coagulation, is increased more predictably by dabigatran; however, the aPTT concentration-response curve is curvilinear and fattens at higher concentrations.[@b23-vhrm-9-341] While PTT is commonly used to monitor the anticoagulant effect of heparin with or without concomitant warfarin, doing so with therapeutic dabigatran could lead to inaccurate results. There is limited data for the use of activated clotting time (ACT) on dabigatran's anticoagulant effect. The Ecarin clotting time (ECT) is the most sensitive parameter of anticoagulant activity, but it is not generally available in hospital laboratories and has been used largely as a research tool. The most accessible qualitative method for determining the presence or absence of dabigatran's anticoagulant effect is the thrombin time (TT) assay. The commercially available Hemoclot® Thrombin Inhibitor assay (Hyphen BioMed, Neuville-sur-Oise, France) is a diluted thrombin time (dTT) assay sensitive enough for accurate quantitative measurement of dabigatran activity across a broad concentration range ([Figure 3](#f3-vhrm-9-341){ref-type="fig"}).[@b24-vhrm-9-341]

Clinical trial data with dabigatran in patients with NVAF
=========================================================

Dabigatran etexilate was approved for anticoagulation in patients with NVAF based on the results of the RE-LY trial.[@b25-vhrm-9-341] The RE-LY trial was a prospective, Phase III trial which consisted of two blinded doses of dabigatran (110 mg or 150 mg BID) compared with open-label warfarin (target INR 2--3). The primary efficacy outcome in the RE-LY trial was stroke or systemic embolism and the primary safety outcome was major hemorrhage. Secondary outcomes were stroke, systemic embolism, and death. Patients were followed up 14 days after randomization, at 1 and 3 months, every 3 months thereafter for the first year, and then every 4 months until the end of the study.

The study involved 18,113 patients with NVAF and at least one major risk factor for thromboembolism. Risk factors included previous stroke or transient ischemic attack or systemic embolism, left ventricular ejection fraction \<40% or symptomatic heart failure (New York Heart Association class II or higher in the last 6 months), hypertension, age \>75 years, or age 65--74 years with either diabetes mellitus or coronary artery disease. Exclusion criteria included patients who had a prosthetic heart valve or hemodynamically significant valve disease, severe renal failure (CrCl less than 30 mL/minute), active liver disease, disabling or recent stroke, recent or pending surgery, recent or known bleeding disorders, uncontrolled hypertension, need for anticoagulation of disorders other than AF, planned ablation or surgery for AF, reversible causes of AF, or pregnancy. Hemodynamically significant valve disease was defined as heart valve disease of sufficient severity that the patient would be expected to potentially undergo surgical valve replacement during the RE-LY trial study period. The minimum follow-up was 1 year and the median follow-up was 2 years.

Dose adjusted warfarin therapy reached the primary outcome of all stroke (ischemic or hemorrhagic) or systemic embolism rate of 1.71% per year, with an accompanying major bleeding rate of 3.57%. Dabigatran etexilate, 150 mg BID, reduced the rate of stroke by 34% (*P* \< 0.001 for superiority; relative risk (RR): 0.65; 95% confidence interval (CI): 0.52--0.81), and at this dose there was no increase in major bleeding (3.32%). Dabigatran etexilate, 110 mg BID, had a decreased but similar rate of stroke and systemic embolism (1.54% per year) that was non inferior to warfarin (*P* \< 0.001 for non-inferiority; RR with dabigatran: 0.90; 95% CI: 0.74--1.10), and at this dose there was a 20% reduction (2.87%) in major bleeding risk compared with warfarin (*P* = 0.003 for superiority). A summary of these results can be seen in [Figure 4](#f4-vhrm-9-341){ref-type="fig"}.

Therefore dabigatran, at 150 mg BID dose was superior to warfarin with respect to stroke or systemic embolism, and the 110 mg BID dose was superior to warfarin with respect to major bleeding. The 150 mg BID dosing had a near significant (*P* = 0.051) decrease in mortality (RR 0.88, 95% CI: 0.77--1.00). Based on these results, the ACCF/AHA/HRS (American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society) made a focused update in 2011 to the management of patients with AF; they gave dabigatran 150 mg BID dosing a Class 1a indication as an alternative to warfarin for the prevention of stroke and systemic thromboembolism in patients with paroxysmal or permanent AF, and with risk factors for stroke and no absolute contraindication to anticoagulation. The 2012 focused updates on AF for both the Canadian Cardiovascular Society and the European Society of Cardiology made stronger statements, stating that NOACs, including dabigatran, were preferred to warfarin in most patients with AF.[@b26-vhrm-9-341],[@b27-vhrm-9-341]

Key differences between dabigatran and warfarin
===============================================

The rates of intracranial hemorrhage in the RE-LY trial were 0.76%, 0.31%, and 0.23% per year among those assigned to warfarin, dabigatran 150 mg, and dabigatran 110 mg, respectively (*P* \< 0.001 for either dabigatran dose versus warfarin). This is equivalent to 59% and 70% reduction in intracranial bleeds for the 150 mg and 110 mg dose dabigatran, respectively. The case fatality of an intracranial bleed was 52%, and despite a lack of a reversal agent, was not different between the groups.[@b28-vhrm-9-341] The mechanism for the lower rate of intracranial hemorrhage is unknown, but it appears to persist in the novel oral direct factor Xa inhibitors (apixaban, rivaroxaban) as well.[@b29-vhrm-9-341],[@b30-vhrm-9-341] In patients younger than 75 years, both doses of dabigatran significantly reduced major bleeding complications compared with warfarin; however, in elderly patients (\>75 years), the lower dose was associated with a similar rate and the higher dose with an increased rate of major bleeding.[@b31-vhrm-9-341] The higher dose (150 mg BID) increased major gastrointestinal hemorrhage in all patients (RR 1.5, 95% CI: 1.19--1.89, *P* \< 0.001), namely lower GI bleeding.

There was a numerical increase in myocardial infarction (MI) with both doses of dabigatran compared with warfarin; this result was reproduced in a meta-analysis of all trials including RE-LY.[@b32-vhrm-9-341] The addition of antiplatelet therapy in patients with AF and at high risk for acute coronary syndrome seems prudent, although there is no evidence that concomitant antiplatelet therapy provides any benefit in addition to dabigatran in reducing MI.[@b33-vhrm-9-341] Concomitant antiplatelet drugs are associated with increased rates of bleeding complications, without evidence for additional stroke protection.[@b34-vhrm-9-341] The ongoing trial RE-DEEM dose-finding study (NCT00621855) is evaluating the safety and efficacy of dabigatran etexilate in acute coronary syndromes. This study may provide insight into the optimal medical management in patients at high risk for ischemic cardiovascular events. Until we have more data, the benefits of dabigatran over warfarin for stroke prevention and the reduction in all-cause mortality appear to outweigh the small increase in the risk of MI.[@b35-vhrm-9-341]

The most likely reason for discontinuation of dabigatran in RE-LY was GI distress or dyspepsia. This is presumably related to the tartaric acid content combined to assist in oral absorption. Dyspepsia occurred twice as frequently on both doses of dabigatran compared to warfarin (approximately 11.5% for both doses of dabigatran compared to 5.8% for warfarin). While proton pump inhibitors may ameliorate this side effect, they reduce the absorption of the drug. Dabigatran can probably be safely taken with meals, though there is limited experience. It is suggested that absorption of the drug may be delayed by 1 hour with improved tolerability as regards GI distress when taking the medication with meals.

An additional key difference between dose adjusted warfarin and oral dabigatran lies in the time in therapeutic range (TTR) for patients on warfarin. Guidelines recommend an INR target of 2.0--3.0 for patients on warfarin for stroke prevention in AF. Prior studies have shown that consistent INR levels below 2.0 are associated with an increased risk for embolic stroke, and levels higher than 3.5 with high rates of intra cranial hemorrhage. In the RE-LY trial, the advantages of dabigatran over warfarin were greater at sites with poor INR control than at those with good INR control.[@b36-vhrm-9-341] In patients felt to be at bleeding risk on oral anticoagulation, the use of 'low dose' warfarin should be discouraged.

Differences between dosages
===========================

Based on the results of this study, the United States Food and Drug Administration (FDA) approved the 150 mg dosage but not the 110 mg dosage. The decision was controversial and the 110 mg BID dosing is still used outside the US. In a response published in the *New England Journal*, the FDA's decision was based upon the "inability to identify any subgroup in which use of the lower dose would not represent a substantial disadvantage".[@b37-vhrm-9-341] In patients with moderate renal impairment (CrCl \> 30--50 mL/minute), the rate of stroke or systemic embolism with 150 mg of dabigatran (1.3 per 100 patient-years) was approximately half that with 110 mg (2.4 per 100 patient-years), and the rate of bleeding was no greater (5.3 versus 5.7 major bleeding episodes per 100 patient-years). In patients who were 75 years of age or older (n = 7238), the rate of stroke or systemic embolism was lower with 150 mg of dabigatran (1.4 per 100 patient-years) than with 110 mg (1.9 per 100 patient-years), but the rate of major bleeding was higher (5.1 versus 4.4 per 100 patient-years). In patients with a prior stroke or transient ischemic attack, the rates of stroke or embolism were increased; however, this result did not change the findings in outcomes. Namely, the 150 mg dabigatran reduced stroke or systemic embolism and 110 mg dabigatran was non inferior.[@b38-vhrm-9-341] Therefore, the FDA argued that because stroke and systemic embolism is a more clinically significant endpoint than major hemorrhage, any risk--benefit assessment would favor the higher dose. Indeed, in RE-LY, 57% of patients who had a major bleeding event during the study either resumed taking or had no interruption in their study medication, continuing to take the same dose.[@b37-vhrm-9-341] In RE-LY, patients randomized to dose-adjusted warfarin strategy were able to achieve therapeutic INR values (TTR) 64.4% of the time. At our institution (Vanderbilt University Medical Center/Vanderbilt Medical Group anticoagulation clinic, Nashville, TN, USA), using a pharmacogeconomic assisted approach, maximum TTR has been 77%. This reflects an inherent weakness in a warfarin usage strategy.

Anticoagulation for AF is additionally known to be significantly underutilized, with only 60%--70% of qualified patients receiving anticoagulation.[@b39-vhrm-9-341],[@b40-vhrm-9-341] The low utilization of systemic anticoagulation results in higher stroke rates and overall medical costs (averaging \$9836 per patient per year).[@b41-vhrm-9-341] It has been suggested that some patients who currently reject warfarin for fear of bleeding risks might have been willing to use dabigatran at the 110 mg dose, with its lower known bleeding risk. However, with the current data, it could be argued that such a strategy of use with a less-effective regimen would lead to unnecessary strokes and disability, and in the US, the 110 mg dose is not available. The head to head superiority of dabigatran may be related to pharmacodynamic effects of its action directly on clot bound thrombin, or may simply reflect its superior pharmacokinetics, allowing for an essentially 100% 'therapeutic' dosage.

Bleeding complications and reversal agents
==========================================

There is currently no specific antidote available to antagonize the anticoagulant effect of dabigatran. When bleeding occurs in the setting of dabigatran use, treatment options are primarily supportive. Given the relatively short half-life (12--14 hours), drug discontinuation suffices in most clinical situations. Dabigatran has a relatively low (\~35%) plasma protein binding, and dialysis can remove approximately 60% of the drug after 2--3 hours of dialysis. Activated charcoal may help remove unabsorbed drug from the GI tract if given within 2 hours of ingestion. In instances of life-threatening bleeding, nonspecific prohemostatic agents such as recombinant activated factor VII and prothrombin complex concentrates can be considered. A monoclonal antibody capable of rapidly and completely inhibiting dabigatran's anticoagulant activity is currently under development for clinical use.

Post market reports of bleeding and thrombotic events have raised concerns about the safety of dabigatran in the real world. Post marketing reports of bleeding in the AERS database are highly biased as bleeding complications are likely underreported for warfarin compared to events occurring with the more recently available dabigatran. Based on data from insurance claims and administrative data, the FDA issued a statement in November 2012[@b56-vhrm-9-341] that the rates of bleeding associated with dabigatran and warfarin were similar to those seen in the RE-LY trial for patients starting either drug for the first time. For the populations in the Mini-Sentinel data assessment, bleeding complications were roughly twice as common in new use of warfarin compared to dabigatran. Individual practitioner fears over the lack of an available reversal agent for dabigatran must be carefully balanced with the evidence from RE-LY showing an overall reduction in major bleeding risk, with no increased death, for patients on BID dabigatran.

Use of dabigatran in patients undergoing urgent surgical or invasive procedures
===============================================================================

Perioperative dabigatran usage in the invasive procedure setting may potentially be an improvement over typical low molecular weight heparin (LMWH) bridging for patients on traditional warfarin. Warfarin patients are often exposed to 1--2 weeks of variable interruptions in systemic anticoagulation perioperatively. Healey et al recently undertook an analysis of patients in the RE-LY trial undergoing invasive procedures.[@b42-vhrm-9-341] The lack of an available reversal agent for dabigatran has led to fears of increased major bleeding events with invasive procedures. The investigators evaluated bleeding rates from 7 days before, until 30 days after invasive procedures. A total of 4591 patients underwent one or more invasive procedures in RE-LY; 24.7% of patients were on dabigatran 110 mg, 25.4% on dabigatran 150 mg, and 25.9% received warfarin, *P* = 0.34.

Procedures included pacemaker/defibrillator insertion (10.3%), dental procedures (10.0%), diagnostic procedures (10.0%), cataract removal (9.3%), colonoscopy (8.6%), and joint replacement (6.2%). Among patients assigned to either dabigatran dose, the last dose of study drug was given a mean of 49 (35--85) hours before the procedure. In comparison, patients receiving oral warfarin were off anticoagulation an average of 114 hours (87--144 hours), *P* \< 0.001. There were no differences in the rates of periprocedural major bleeding between patients receiving dabigatran 110 mg (3.8%), dabigatran 150 mg (5.1%), or warfarin (4.6%). Among patients having urgent surgery there was a trend in favor of dabigatran (major bleeding occurred in 17.8% with dabigatran 110 mg, 17.7% with dabigatran 150 mg, and 21.6% with warfarin: dabigatran 110 mg; relative risk, 0.82; 95% CI, 0.48--1.41; *P* = 0.47; dabigatran 150 mg: relative risk, 0.82; 95% CI, 0.50--1.35; *P* = 0.44).

In this study, dabigatran and warfarin were associated with similar rates of periprocedural bleeding, including patients having urgent surgery. When factoring in the costs associated with LMWH bridging, and the potential transient increase in stroke risk associated with a longer time withholding anticoagulation with warfarin, dabigatran use appears favorable for patients requiring invasive procedures.[@b42-vhrm-9-341]

Results of a formal randomized trial of bridging warfarin versus continuous oral anticoagulation (BRUISE-CONTROL) specifically in cardiac device implant procedures done at the University of Ottawa (Ottawa, Canada) should be available soon (Principal Applicant: David Birnie, MD). The trial was stopped early at a specified second interim analysis in March 2013 (ClinicalTrials.gov identifier NCT00800137).

Use of dabigatran in the setting of AF or left atrial catheter ablation procedures
==================================================================================

Radiofrequency catheter ablation for AF has evolved to a primary treatment modality for many patients with drug refractory atrial arrhythmias. Intra procedural thrombosis on vascular access wires, mapping and ablation catheters, and transseptal sheaths, can lead to acute periprocedural cerebral embolization. Atrial inflammation and endothelial left atrial damage from thermal injury may lead to delayed thrombus formation in the left atrium or left atrial appendage, and necessitates maintaining therapeutic anticoagulation for a minimum of 2 months post ablation, according to ACCF/AHA/HRS 2012 updates on AF. These guidelines do not elaborate on the use of dabigatran during catheter ablation, citing little available evidence. Recent studies have demonstrated that performing AF ablation while fully anticoagulated on dose adjusted warfarin (intraoperative INR 2.0--3.0) is safe; it is also associated with lower bleeding complications than a heparin or low molecular weight heparin bridging strategy.[@b43-vhrm-9-341],[@b44-vhrm-9-341] Data on the use of dabigatran for periprocedural anticoagulation are limited, but several recent studies show this may be safely used and that it can simplify issues with maintaining therapeutic systemic anticoagulation periprocedurally.

A study by Winkle et al reported the "safe use of dabigatran after AF ablation".[@b44-vhrm-9-341] Their study involved 123 consecutive patients undergoing AF ablation, approximately one-fourth of the patients (34 patients) were taking dabigatran before the procedure. Dabigatran was stopped for two doses (24 hours) prior to the procedure in patients with normal renal function. During the ablation, however, the target ACT was 225 seconds, which is lower than typical, with most accepted protocols targeting a higher ACT (300--400 seconds). Protamine was used as a reversal agent and enoxaparin (0.5 mg/kg) was given immediately post procedure, with dabigatran restarted 10 hours after a second enoxaparin injection. Winkle et al reported no bleeding or thromboembolic complications.[@b44-vhrm-9-341]

A 2012 multicenter observational study by Lakkireddy et al involving 145 patients taking dabigatran reported a significantly higher risk of major bleeding (6% versus 1%), total bleeding (14% versus 6%), and composite risk of bleeding or thromboembolic event (16% versus 6%) with the use of periprocedural anticoagulation with dabigatran compared to therapeutic dose-adjusted warfarin.[@b45-vhrm-9-341] It should be emphasized that dabigatran was not stopped until the morning of the procedure (in contrast to guidelines in the USPI for dabigatran), and was subsequently restarted 3 hours after transseptal sheaths were pulled. Given that the half-life of dabigatran is 12--17 hours in patients with normal renal function, this protocol was nearly equivalent to performing the procedure on uninterrupted dabigatran.

We performed a retrospective cohort study on 254 patients who underwent left atrial catheter ablation for AF or left atrial futter at Vanderbilt Heart and Vascular Institute from 2011 through 2012.[@b46-vhrm-9-341] Periprocedural anticoagulation utilized dabigatran in 122 patients and warfarin in 135 patients. Three late thromboembolic complications occurred in the dabigatran group (2.5%), compared with one (0.7%) in the warfarin group (*P* = 0.28). The dabigatran group had a similar minor bleeding (2.5% versus 7.4%, *P* = 0.07), major bleeding (1.6% versus 0.7%, *P* = 0.51), and composite of bleeding and thromboembolic complications (6.6% versus 8.9%, *P* = 0.49) when compared to warfarin. There were no acute thromboembolic complications in either group (\<24 hours post ablation). In our study, dabigatran was held 24--30 hours pre-procedure, and restarted 4--6 hours after hemostasis was achieved.

Similar results were recently published by the University of Michigan group using case-control analysis; the study looked at 763 consecutive patients (mean age 61 years ± 10 years) undergoing AF ablation using dabigatran (n = 191) or uninterrupted warfarin (n = 572) for periprocedural anticoagulation.[@b47-vhrm-9-341] There were no thromboembolic complications in either group. The prevalence of major (4 of 191, 2.1%) and minor (5 of 191, 2.6%) bleeding complications in the dabigatran group was similar to that in the warfarin group (12 of 572, 2.1%; *P* = 1.0 and 19 of 572, 3.3%; *P* = 0.8, respectively).

Though currently no prospective randomized data are available, it seems that the majority of bleeding risk acutely from left atrial catheter ablation is likely attributable to the mechanical complications of the procedure, rather than the choice of periprocedural anticoagulant. The prevention of acute periprocedural stroke or embolism is dependent on tight ACT monitoring of typically an intravenous heparin infusion (goal ACT 300--400 seconds). The effect of dabigatran on the ACT is not well established and could cause under dosing of heparin intra operatively. This is the main rationale for holding dabigatran 24 hours prior to left atrial ablation at our institution. The prevention of late post ablation embolic events depends on maintaining tight continuous systemic anticoagulation, for which dabigatran's pharmacokinetics are ideal.

Use of dabigatran in the setting of elective percutaneous coronary intervention
===============================================================================

Limited clinical data on the utility of dabigatran in the setting of elective percutaneous coronary intervention (PCI) are available. One small recent study suggests that dabigatran may be a poor choice, with a high risk of requiring bailout anticoagulation for acute procedure-related MI during elective coronary stent placement. The study by Vranckx et al is a randomized study of dabigatran in elective PCI, in patients with stable coronary artery disease.[@b48-vhrm-9-341] Patients on long-term anticoagulant treatment with dabigatran undergoing a PCI were studied. Markers of coagulation activation during elective PCI were obtained intra-procedure to determine if PCI coagulation activation was adequately suppressed by dabigatran without additional heparin treatment. Fifty patients on dual antiplatelet therapy were randomized (2:2:1) to either pre-procedural dabigatran 110 mg BID (n = 19) or 150 mg BID (n = 21), as compared to standard intra procedural unfractionated heparin (UFH) (n = 10).

Post PCI, levels of prothrombin fragment 1 + 2 (F1 + 2), with increased thrombin-antithrombin complexes were observed in the dabigatran patients, with no elevation in the heparin group. Five out of 40 (12.5%) patients required bailout anticoagulation in the dabigatran group, and four experienced a procedural MI, versus one out of ten in the UFH group, who had a stent thrombosis without MI prior to the study PCI. As previously mentioned, the RE-DEEM trial is ongoing and may shed further light on this issue in the setting of acute coronary syndromes, when urgent PCI will be performed during the highly thrombogenic period following coronary plaque rupture.[@b35-vhrm-9-341],[@b48-vhrm-9-341]

Switching between dabigatran and warfarin
=========================================

As per protocol in the RE-LY and PETRO trials of dabigatran, the package insert for patients previously on stable warfarin dosing and switching to dabigatran recommends starting dabigatran when the INR drifts below 2.0.[@b25-vhrm-9-341],[@b49-vhrm-9-341] When switching from dabigatran to warfarin in patients with normal renal function (CrCl \<50 mL/minute), warfarin should be started 3 days before discontinuing dabigatran. In patients with renal dysfunction, warfarin should be started 2 days before and 1 day before discontinuing dabigatran in patients with moderate dysfunction (CrCl 30--50 mL/minute) and severe (CrCl 15--30 mL/minute) renal dysfunction, respectively.

Use of dabigatran in patients undergoing cardioversion
======================================================

Cardioversion (both electric and pharmacological) in patients with AF is associated with an increased risk of thromboembolic events.[@b50-vhrm-9-341],[@b51-vhrm-9-341] The risk of thromboembolism is highest during the first week after cardioversion, with rates of approximately 5% in the absence of adequate anticoagulation.[@b52-vhrm-9-341] Current guidelines recommend that patients with AF of greater than 48 hours duration have therapeutic anticoagulation for at least 3 weeks before and 4 weeks after cardioversion.[@b53-vhrm-9-341]

In the RE-LY trial, a total of 1983 cardioversions resulted in thromboembolic rates of 0.8%, 0.3%, and 0.6% for the dabigatran 110 mg, dabigatran 150 mg, and warfarin treatment arms, respectively.[@b54-vhrm-9-341] Therefore dabigatran appears to be a reasonable alternative to warfarin in patients requiring cardioversion. Since warfarin's delayed onset of action may require the use of heparin bridging, dabigatran has the advantage of being more suitable for outpatient management, and its use may prove economical by avoiding hospitalization.

Use of dabigatran in patients with mechanical heart valves
==========================================================

An exclusion to entry in the RE-LY study was the presence of a prosthetic heart valve, or hemodynamically significant heart valve disease (heart valve disease sufficient that it would be expected surgical replacement is warranted within 1--2 years,) thus the repetitive labeling and marketing of dabigatran for use in patients with "non-valvular AF". A randomized study was designed and the trial methods published by Van de Werf et al in 2012.[@b55-vhrm-9-341] The trial was designed as a 2:1 dabigatran to warfarin therapy for patients undergoing implantation of a mechanical bileafet valve (aortic or mitral or both) or having undergone implantation of a mitral bileafet valve \>3 months before randomization. Dabigatran was given as either a 150 mg BID or a 75 mg BID dosing based on renal clearance. Warfarin management and target INR was according to current practice guidelines and the discretion of the treating physicians. Note the 75 mg BID dosing is based on pharmacokinetics of the drug, and was not formally studied in the RE-LY trial.

Referred to as the RE-ALIGN trial, enrollment began in December 2011. The study was halted by the manufacturer in December 2012. In September 2012, as reported by "heartwire", Canadian physicians reported cases of two women who had undergone valve replacement years prior and were stable on warfarin, but subsequently suffered valve thrombosis when switched to dabigatran. Dosing in the REALIGN trial included 150 mg, 220 mg, and 300 mg BID dosing with a control group on dose adjusted warfarin therapy. There were notably increased bleeding risks following heart valve surgery in the dabigatran groups compared to the warfarin group, in addition to the increased risk for heart valve thrombosis. The FDA and Boehringer-Ingelheim (Ingelheim, Germany) have since made efforts to reinforce the warning labels for dabigatran to alert physicians that dabigatran should not be used for anticoagulation in patients with prosthetic heart valves, particularly mechanical bileafet prostheses.

Post market performance of dabigatran as regards bleeding risks
===============================================================

Post marketing reports of bleeding with dabigatran led to questions in the mainstream media about the risk--benefit profile of dabigatran as described in its labeling (based on the RE-LY trial data). The RE-LY trial does demonstrate that bleeding (particularly lower GI bleeding and intracranial bleeding) was a potential serious side effect of dabigatran use. Despite this, high numbers of early reports of adverse bleeding led the FDA to review reports received by FAERS (FDA adverse event reporting system). These reports were recently reviewed by Southworth et al, who found the reports of bleeding generally did not include information on patients' risk factors, age, renal function, or cause of death. There was no indication that the drug was being commonly used outside its FDA approved indications.[@b56-vhrm-9-341]

Southworth et al went on to compare bleeding rates for dabigatran and warfarin using insurance claim data and administrative data from the FDA Mini-Sentinel database. A database query from October 19, 2010 (the date of dabigatran approval) to December 31, 2011, was performed to identify inpatient diagnosis codes for intracranial and gastrointestinal hemorrhages associated with new use of dabigatran or warfarin. The authors found that bleeding rates associated with dabigatran use during the period of interest did not appear to be higher than those associated with warfarin. They go on to conclude that the apparent increased adverse bleeding reports with dabigatran were likely the result of "stimulated" reporting, due to public attention drawn to bleeding risks with a novel agent. Formal post marketing surveillance studies are ongoing.[@b56-vhrm-9-341]

Conclusion
==========

Dabigatran etexilate was the first FDA approved version of a novel class of oral anticoagulants known as NOACs. It has become a widely available treatment alternative to dose adjusted warfarin for stroke prevention in AF. Large randomized clinical trial data show its superiority to warfarin in selected patients with NVAF to prevent thromboembolic complications, with an improved safety profile compared to warfarin. The drug has rapid onset to full anticoagulation (within 2 hours), has a predictable therapeutic window allowing BID dosing without routine monitoring, there are minimal drug--drug interactions, and no diet restrictions for patients taking dabigatran. Dabigatran does have potential increased risks of gastrointestinal hemorrhage, higher myocardial infarction rate, concerns about dyspepsia, and lacks the ability to rapidly reverse its anticoagulant effect in the setting of life-threatening adverse bleeding. It is a safe and effective option for periprocedural anticoagulation in patients undergoing left atrial catheter ablation. It should not be used in patients with mechanical prosthetic heart valves or end stage renal disease. Patients who cannot adhere to BID dosing, are prone to intestinal bleeding, or are at risk for wide fluctuations in renal function, are poor candidates for the drug.
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![Detailed visual description of the coagulation cascade and the sites blocked either directly or indirectly by old and newer systemic anticoagulants.\
**Notes:** Reprinted with permission Nagarakanti R, Ellis CR. Dabigatran in clinical practice. *Clin Ther*. 2012;34(10):2051--2060.[@b57-vhrm-9-341]](vhrm-9-341Fig1){#f1-vhrm-9-341}

![Summary of food and drug interactions with dabigatran.\
**Note:** Reprinted with kind permission from the Springer Science and Business Media.[@b21-vhrm-9-341]\
**Abbreviations:** T~max~, time to maximum concentration; C~max~, maximum plasma concentration; AUC, area under the curve; P-gp, P-glycoprotein; AF, atrial fibrillation; CYP3A4, cytochrome P450 3A4; LMWH, low molecular weight heparin; NSAIDs, nonsteroidal anti-inflammatory drugs.](vhrm-9-341Fig1){#f2-vhrm-9-341}

![Responses of various coagulation assays to dabigatran in multiple studies.\
**Notes:** Responses of various coagulation assays to dabigatran in plasma from healthy individuals from single dose (•) and multiple dose studies (○), showing single dose (broken line) and multiple dose (solid line) correlation analysis results. Reprinted with permission Stangier J, Rathgen K, Stähle H, Gansser D, Roth W. The pharmacokinetics, pharmacodynamics and tolerability of dabigatran etexilate, a new oral direct thrombin inhibitor, in healthy male subjects. *Br J Clin Pharmacol*. 2007;64(3):292--303. Copyright © 2007 John Wiley and Sons.[@b15-vhrm-9-341]\
**Abbreviations:** aPTT, activated partial thromboplastin time; INR, international normalized ratio; TT, thrombin time; ECT, Ecarin clotting time.](vhrm-9-341Fig3){#f3-vhrm-9-341}

![Efficacy of two doses of dabigatran in the RE-LY trial.\
**Notes:** Efficacy of two doses of dabigatran (110 mg and 150 mg bid) as cumulative hazard rates for stroke or systemic embolism (the primary outcome) in the Randomized Evaluation of Long Term Anticoagulant Therapy (RE-LY) trial by treatment. Reprinted with permission Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients with atrial fibrillation. *N Engl J Med*. 2009;361(12):1139--1151. Copyright © 2009 Massachusetts Medical Society.[@b25-vhrm-9-341]](vhrm-9-341Fig4){#f4-vhrm-9-341}

![Kaplan--Meier estimates of survival in the 30 days after an ischemic stroke among patients with NVAF.\
**Notes:** Figure shows Kaplan--Meier estimates of survival in the 30 days after an ischemic stroke among patients with NVAF, according to the antithrombotic-medication status at admission. Patients who were taking warfarin are separated into two groups: those with an INR of less than 2.0, and those with an INR of 2.0 or greater. *P*-value = 0.002 refers to the overall difference among these groups. From Hylek EM, Go AS, Chang Y. Effect of intensity of oral anticoagulation on stroke severity and mortality in atrial fibrillation. *N Engl J Med*. 349(11):1019--1026. Copyright © 2003 Massachusetts Medical Society. Reprinted with permission by Massachusetts Medical Society.[@b58-vhrm-9-341]\
**Abbreviations:** INR, international normalized ratio; NVAF, non-valvular atrial fibrillation.](vhrm-9-341Fig5){#f5-vhrm-9-341}
